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(54) Catalytically active gas diffusion electrodes comprising a nonwoven fibrous structure 



(57) The object of the present invention is to provide 
a gas diffusion electrode with both mcreaseddimension- 
al stability and Nexability and which can therefore be pro- 
duced at lower cost A further object is to provide an 
improved manufacturing process that is capable of pro- 
ducing large numbers of electrodes and MEAs at low 
unit cost in high volumes and with high yields 

Accordingly, there is provided a gas diffusion elec- 
trode comprising a non-woven network of fibres, one or 
more catalyst components and at least one polymeric 
substance characterised m that the catalyst component 
is embedded within the fibre network Generally the 
non-woven network of fibres has a density of less than 
0 3 g/cm 3 suitably less than 0 2 g/cm 3 and preferably 
less than 0 1 g/cm 3 

Fibres which are suitable for use in the present in- 
vention include carbon glass polymer metal or ceramic 
fibres, preferably carbon, glass metal or ceramic typi- 
cally of diameters in the range of 0 2pm to 50u.m and 
with lengths from 0 05mm to 300mm. suitably 0 5mm to 
150mm If fibres other than carbon fibres or other elec- 



trically conducting fibres are used it is necessary that 
the catalyst component comprises carbon and optional- 
ly one or more other catalyst components such as metai 
or a metal supported on carbon in order that the final 
electrode structure is electrically conducting 

The polymeric substances act as a binder to hold 
the electrode layer together. Depending on the polymer- 
ic substance used it may also act to provide essential 
electrode structural properties, such as control of the hy- 
drophobic/hydrophilic balance Examples of such poly- 
mers include poiytetrafluoroethylene (PTFE). fluormat- 
ed ethylene-propylene (FEP). polyethylene polypropyl- 
ene, ethylene-propylene The polymeric material can al- 
so act to provide the ionic conduction pathway in the 
electrode Such proton conducting polymers are for ex- 
ample the perfluorosulphomc acid materials produced 
by E.I DuPont de Nemours, referred to as Nation® 

The gas diffusion electrodes of the present inven- 
tion are of use in electrochemical devices including 
metal-air batteries electrochemical gas sensors and in 
electrosynthesis. and. particularly in fuel cells 
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Description 

The present invention relates to a novel gas diffu- 
sion electrode structure which :s of use m electrochem- 
ical devices particularly fuel cells and a process for the s 
manufacture of the ncvei gas diffusion electrode struc- 
ture 

Electrochemical cells invariably comprise at their 
fundamental level a solid or liquid electrolyte and two 
electrodes the anode and cathode at which the desired ^ 
electrochemical reactions take place Gas diffusion 
electrodes are employed m a range of electrochemical 
devices in which a gaseous reactant and/or product has 
to be diffused into and/or out of one of the cell electrode 
structures They are designed to optimise the contact 15 
between the reactant and the electrolyte to maximise 
the reaction rate Catalysts are often incorporated into 
gas diffusion electrode structures to increase the rates 
of the desired electrode reactions 

Gas diffusion electrodes are employed in many dif- 20 
ferent electrochemical devices including metal-air bat- 
teries electrochemical gas sensors eiectrosynthesis of 
useful chemical compounds and m particular fuel cells 

A fuel ceil is an energy conversion device that effi- 
ciently converts the stored chemical energy of its fuel 35 
into electrical energy by combining either hydrogen 
stored as a gas or methanol stored as a liquid or gas 
with oxygen to generate electrical power The hydrogen 
or methanol are oxidised at the anode and oxygen is 
reduced at the cathode Both electrodes are of the gas 30 
diffusion type The electrolyte has to be m contact with 
both electrodes and may be acidic or alkaline liquid or 
solid m nature In proton exchange membrane fuel cells 
(PEMFC) the electrolyte is a solid proton-conducting 
polymer membrane commonly based on perfluorosul- 35 
phonic acid materials and the combined structure 
formed from the membrane and the two gas diffusion 
electrodes is known as the membrane electrode assem- 
bly (MEA) The anode gas diffusion electrode is de- 
signed to be porous and allow the reactant hydrogen or jo 
methanol to enter the electrode from the face of the elec- 
trode exposed to the reactant fuel suppiy and diffuse 
through the thickness of the electrode to the reaction 
sites which contain catalysts usually platinum metal 
based to maximise the electrochemical oxidation of hy- 
drogen or methanol The anode is also designed toallow 
electrolyte to penetrate through the face of the electrode 
exposed to the electrolyte and to also contact the same 
reaction sites With acidic electrolyte types the product 
of the anode reaction are protons and these can then so 
be efficiently transported from the anode reaction sites 
through the electrolyte to the cathode gas diffusion elec- 
trode The cathode is also designed to be porous and 
allow oxygen or air to enter the electrode and diffuse 
through to the reaction sites Catalysts are again com- ss 
monly incorporated to maximise the rate of the reaction 
at the cathode reaction sites which combines the pro- 
tons with oxygen to produce water Product water then 




has to diffuse cut of the electrode structure The st'^c- 
ture of the cathode has to be designed such that t en- 
ables the efficient removal of the product water If water 
builds up in the electrode it becomes more difficult for 
the reactant oxygen to diffuse to the reaction sites anc 
thus the performance of the fuel cell decreases 

Conventionally the gas diffusion electrodes cf the 
PEMFC and indeed other devices comprise many 
components and are typically made up of one two or 
even more layers of these components Typically the 
gas diffusion electrode will comprise one or more cata- 
lyst containing layers which are supported onto a mere 
rigid porous substrate layer The catalyst containing lay- 
ers enhance the desired electrode reactions and com- 
prise a catalyst which may be formed from a high sur- 
face area catalytic metal often one of the precious met- 
als particularly platinum either unsupported as a metal 
black (for example US 4927514 EP 0357077) cr in a 
very high surface area form in which it is dispersed ara 
supported on a high surface area electrically conducting 
gas porous carbon black or graphite (for example uS 
4447505) The catalyst component may also be a ncn 
precious metal such as one of the transition metais in 
fuel cells which employ alkaline electrolytes the cath- 
ode gas diffusion electrode can comprise catalysts 
based on macrocychc compounds of cobalt (US 
4179359 EP 0 512 713) The catalyst layers may also 
comprise the high surface area carbon black itself with 
no additional metal catalysts, in for example EP 0 026 
995 where the catalyst layer for an air depolarised cath- 
ode in a chlor-alkali ceil comprises carbon black mate- 
rials 

The catalyst layers also comprise other ncn-cata- 
lytic components in addition to the catalyst matenai usu- 
ally polymeric materials which acts as binders to hold 
the electrode layer together and may also perform an 
additional function in controlling the hydrophobic. hy- 
drophihc nature of the final structure In the PEMFC m 
particular, the catalyst layers can also comprise other 
polymeric materials, such as proton conducting poly- 
mers including forms of the proton conducting electro- 
lyte itself, which are often mixed with the catalyst com- 
ponents or coated onto the catalyst containing layers 
from solutions cf the proton conducting polymer 

These catalyst layers are usually formed into suita- 
ble mixtures of the components and deposited onto a 
suitable porous substrate, for example conducting car- 
bon materials such as semi graphitised papers cloths 
or foams or particularly in the case of alkaline electro- 
lyte systems metal meshes such as nickel or stainless 
steel or in the case of sensors various forms of porous 
PTFE sheet In the acid electrolyte PEMFC the sub- 
strate is usually based on carbon paper or woven cloth 
materials (EP 0 026 995) These materials generally 
have a high bulk fibre density of greater than 0 4 g/cm 3 
The primary role of the substrate is to act as a physical 
support for the catalyst containing layers and to provide 
an electrically conducting structure in direct contact with 




the catalyst layer Additionally it also enables a mechan- 
ically stable gas diffusion electrode to be produced 

A major problem with conventional gas diffusion 
electrodes based on the carbon fibre paper substrates 
is the lack of flexibility due to the rigid substrate that is 
typically used The conventional electrodes are conse- 
quently easily damaged on handling which leads to high 
reject rates during the electrode and MEA fabrication 
process This obviously has an impact on cost With 
conventional gas diffusion electrodes based on woven 
cloth substrates a problem concerns the lack of good 
dimensional stability, as the cloth can easily be 
stretched in the directions of the major planar faces (x 
and y directions) This can make the manufacturing of 
electrodes and MEAs using these substrates very diffi- 
cult and therefore costly 

Furthermore the complexity of the conventional gas 
diffusion electrode requires a number of separate com- 
ponents such as the substrate and the catalyst layers to 
be brought together which results m a lengthy manufac- 
turing process requiring a number of steps Again this 
increases the cost per unit of these gas diffusion elec- 
trodes to higher than is currently acceptable to make ap- 
plications in power generation devices, such as fuel 
cells commercially viable 

It is therefore an object of the present invention to 
provide a gas diffusion electrode with both increased di- 
mensional stability and flexibility and which can there- 
fore be produced at lower cost A further object of the 
present invention Is to provide an improved manufac- 
turing process that is capable of producing large num- 
bers of electrodes and MEAs at low unit cost in high 
volumes and with high yields 

Accordingly the present invention provides a gas 
diffusion electrode comprising a non-woven network of 
fibres one or more catalyst components and at least 
one polymeric substance characterised m that the cat- 
alyst component is embedded within the fibre network 
Generally the non-woven network of fibres has a den- 
sity of less than 0 3 g/cm 3 suitably less than 0 2 g/cm 3 
and preferably less than 0 1 g/cm 3 

The fibres within the matrix, are normally randomly 
orientated in the x and y direction (in-plane) producing 
a two dimensional isotropic structure. Additionally ran- 
dom orientation m the z direction (through-plane) occurs 
with the inclusion of very short fibres typically lengths 
of < 2mm or very fine fibres typically of diameters < 1 
u,m It is also possible to introduce anisotropic character 
into the fibre matrix by using longer fibres, typically 
>50mm. in the composition, in combination with any 
method of laying down the layer that imparts a direction- 
al force into the mixture such as extrusion or a paper 
making type processes Fibres which are suitable for 
use in the present invention include carbon, glass, pol- 
ymer metal or ceramic fibres, preferably carbon, glass 
metal or ceramic typically of diameters in the range of 
0 2j.im to 50tim and with lengths from 0 05mm to 
300mm suitably 0 5mm to 150mm If fibres other than 
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carbon fibres or other electrically conducting fibres are 
used it is necessary that the catalyst component com- 
prises carbon and optionally one or more other catalyst 
components such as a metal or a metal supported on 

5 carbon m order that the final electrode structure is elec- 
trically conducting 

By the term catalyst is meant a material that pro- 
motes or enhances the rate of the reaction of interest 
but remains unaltered by the reaction The catalyst com- 

10 ponent or components selected will depend on the ap- 
plication for which the gas diffusion electrode is being 
used These may be. for example a precious metal or 
a transition metal as the metal or metal oxide, either un- 
supported or supported in a dispersed form on a carbon 

rs support; a carbon or an organic complex, in the form of 
a high surface area finely divided powder or fibre, or a 
combination of these options 

The polymeric substances act as a binder to hold 
the electrode layer together Depending on the polymer- 
ic ic substance used it may also act to provide essential 
electrode structural properties, such as control of the hy- 
drophobic/hydrophihc balance Examples of such poly- 
mers include polytetrafluoroethylene (PTFE). fluonnat- 
ed ethylene-propylene (FEP). polyethylene polypropyl- 

25 ene ethylene-propylene The polymeric material can al- 
so act to provide the ionic conduction pathway in the 
electrode Such proton conducting polymers are for ex- 
ample the perfluorosulphonic acid materials produced 
by E I DuPont de Nemours referred to as Nation^ 5 

jo A first embodiment of the present invention pro- 
vides a gas diffusion electrode as hereinbefore de- 
scribed wherein the catalyst component is one or more 
metals or their oxides in the form of finely divided un- 
supported powders or as metals in a dispersed form on 

05 a carbon support Suitably the one or more metals may 
be a precious metal (Pt Pd Ru Rh Ir. Os. Au and Ag) 
or a transition metal selected from groups !VB VB VIB 
VI IB VIII IB or MB of the Periodic Table in "Handbook 
of Chemistry and Physics" 64th Edition. CRC Press or 

•io a combination or alloy thereof Preferably the one or 
more metals is a precious metal, particularly Pt or an 
alloy thereof. 

A second embodiment of the invention provides a 
gas diffusion electrode as hereinbefore described 

-is wherein the catalyst component is one or more carbon 
blacks 

A major advantage of the present invention is that 
a free-standing dimensionaily stable and highly flexible 
gas diffusion electrode is obtained The incidence of 

so damage to the electrode on handling during manufac- 
ture is therefore minimised thus reducing the number of 
faulty or rejected electrodes, and consequently the cost 
is reduced Furthermore, the intrinsic material cost is 
significantly reduced over carbon paper or woven 

55 cloths In addition, the electrode of the invention is more 
amenable to high volume continuous production proc- 
esses due to its high dimensional stability 

A further advantage of the gas diffusion electrodes 
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of the present invention is improved performance Cue 
to reduced mass transport losses During operation of 
the PEM fuel cell, product water is produced at the cath- 
ode This has to be efficiently removed from the elec- 
trode structure so that it does not build up m the structure 
and impede further oxygen diffusion (mass transport) to 
the reaction sites With conventional electrodes this is 
not possible to fully achieve and it becomes difficult to 
operate the cell efficiently at higher current densities 
which is a desirable goal to improve power density The 
presence of fibres m the catalyst layers can help to im- 
prove the efficiency of removal of the product water from 
the catalyst sites where it is produced into the reactant 
gas stream where it is transported out of the cell by the 
reactant gas flow Accordingly a further embodiment of 
the present invention provides a gas diffusion electrode 
suitable for use m electrochemical cells said electrode 
comprising a current collector and a catalyst structure 
and characterised m that a continuous network of fibres 
for two-way transport is distributed m the catalyst con- 
taining layer 

Gas diffusion electrodes of the present invention 
are suitable for low cost manufacture The electrodes 
may be manufactured by one of two general methods 

The electrodes may be manufactured by taking a 
pre-formed non-woven fibre material and applying the 
catalyst layers comprising the catalyst and polymeric 
materials This can be dene by any number of coating 
processes such as printing, rolling K-bar ordoctor blade 
methods 

A second method for the manufacture of the gas 
diffusion electrode of the present invention and which 
provides a further aspect of the present invention com- 
prises mixing the fibres with at least one catalyst com- 
ponent or a polymeric substance and thereafter forming 
the gas diffusion electrode by adapting a continuous 
manufacturing process for example paper-making cal- 
endering or extrusion For example in a process based 
on paper-making technology the fibres are dispersed m 
water with at least one catalyst component and a poly- 
meric substance to form a dilute slurry and thereafter 
forming a continuous structure by the controlled depo- 
sition of said slurry onto a moving mesh bed dewatermg 
of the solids and drying/compaction of the fibre contain- 
ing layer under a suitable time/pressure/temperature re- 
gime 

A major advantage of this method is that the gas 
diffusion electrode is easily manufactured in a fewer 
number of steps using continuous manufacturing tech- 
niques such as conventional paper making techniques 
thus making it more cost effective and commercially vi- 
able Using conventional paper making techniques the 
fibres are dispersed as a dilute slurry in water with the 
catalyst component and the polymeric substance which 
can then be deposited and formed into a non-woven mat 
with the catalyst component embedded within the mat 
The mat may be produced in continuous lengths with 
the prospect of producing the gas diffusion electrode in 



very large volumes with the minimum processing arc n 
a very cost effective manner 

A further advantage is that it >s possible to comcme 
two or more layers (at least one of the layers being an 
5 electrode of the invention] to form a multi-layer gas dif- 
fusion electrode structure at the same rate as a single 
layer could be produced 

An additional advantage to be gamed from this tyce 
of matrix structure and the methods of fabrication is 
io that the incorporation of polymeric materials into the 
structure can be carefully controlled unlike coatings ap- 
plied to conventional materials such as carbon fibre pa- 
per and cloth where the applied polymer will coat all 
available surfaces Both the fibres and the catalyst corn- 
's ponent or components may be precoated with the ap- 
propriate polymer or polymers at the required loading 
allowing the structure to contain any number of types of 
polymer each located within specific areas of the struc- 
ture This gives the ability to tailor the hydrophobic hy- 
20 drophilic nature of the matrix to give improved perform- 
ance characteristics The incorporation of proton ex- 
change polymers into the structure is also easily facili- 
tated as is the incorporation of thermoplastic polymer 
materials for hot forming the electrodes into specific 
25 shapes 

The present invention also relates to a membrane 
electrode assembly and a method for the manufacture 
thereof wherein one or both of the electrodes are the 
gas diffusion electrode of the present invention A still 
oo further aspect of the present invention relates to a fuel 
cell and a method for the manufacture thereof compris- 
ing at least one gas diffusion electrode of the present 
invention 

The present invention is not limited to the use of the 
05 gas diffusion electrode in a fuel cell and any electro- 
chemical device which comprises a gas diffusion elec- 
trode of the 'nvention is within the scope 

The structure of the present invention is not neces- 
sarily limited to gas diffusion electrodes but may also be 
4 o useful m structures where a robust catalyst containing 
gas porous structure is required for such purposes as 
gas recombination m sealed batteries (to prevent pres- 
sure build up from the electrolysis of the electrolyte) and 
oxygen scavenging of enclosed systems that require the 
removal of oxygen to very low levels using the reaction 
with hydrogen 

The present invention will now be described by way 
of example only which is not intended to be limiting 
thereof 

so The materials of the invention can be employed as 
either the anode or cathode and indeed both anode and 
cathode in the electrochemical cells of the specific ap- 
plication In the following examples, the electrodes are 
incorporated as the cathode in membrane electrode as- 

55 semblies (MEAs) and evaluated in a proton exchange 
membrane fuel cell, with hydrogen as the anode fuel and 
air or pure oxygen as the cathode oxidant. It is at the 
cathode that the majority of cell performance (voltage) 
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losses occur in cells operating with hydrogen as the fuel 
The MEAs were fabricated by hot pressing the anode 
and cathode against each face of the solid proton con- 
ducting electrolyte membrane as ts commonly prac- 
tised in the art 

The anodes were of the more conventional type, 
currently widely employed in the PEMFC They com- 
prised a conventional pre-teflonated rigid conducting 
carbon fibre paper substrate (Toray TGP-H-090. avail- 
able from Toray Industries Inc. Tokyo. Japan) to which 
was applied a layer of a 20 wt% platinum 10 wt% ru- 
thenium catalyst, supported on Cabot Vulcan XC72R 
(from Johnson Matthey Inc, New Jersey, USA), at an 
electrode platinum loading of 0.25 mg/cm 2 of electrode 
geometric area The MEAs were evaluated in a PEMFC 
single cell, with a geometric electrochemically active ar- 
ea of 50 cm 2 The single cell consisted of graphite plates 
into which flowfields were machined to distribute reac- 
tant gases and humidification water, and remove prod- 
ucts The ME A was located between the flowfield plates 
The operation of the single cell was controlled from a 
purpose built test station facility (from GlobeTech of 
Bryans Texas. USA) The "performance" of the fuel cell 
was assessed by measuring the voltage and current 
density relationship using a standard operating proce- 
dure Unless otherwise stated, these conditions were 
typically a reactant gas inlet temperature of 80°C, a 
pressure of both anode and cathode reactant gases of 
3 atmospheres and a reactant stoichiometry of 1 5 for 
hydrogen and 2.0 for air 

EXAMPLE 1 

A first particulate catalyst component was provided 
by dispersing 50 weight parts of a carbon black (Shawm- 
igan black from Chevron Chemicals Houston Texas. 
USA) in 1200 parts of demmerahsed water To this was 
added 6 weight parts of polytetrafluoroethylene (PTFE) 
as a dispersion in water (ICI Fluon GP1 64 wt% solids 
suspension) and the mixture stirred to entrain the PTFE 
particles within the carbon catalyst material. The slurry 
was redispersed using a high shear mixer to produce a 
smooth mixture 

A second particulate catalyst material was provided 
by dispersing 100 weight parts of a 40 wt % platinum 
catalyst supported on carbon black (Johnson Matthey 
FC-40) in 30 parts of a 9 5% dispersion of Nafion 
EW1100 (E I DuPont De Nemours & Co.) in water, pre- 
pared according to methods described in EPA 731, 520 
The particulate catalyst was dispersed using a high 
shear mixer to produce a smooth mixture 

A pre-formed non-woven carbon fibre structure was 
a 17g/m 2 (=0 07g/cm 3 ) density carbon fibre mat. sup- 
plied as Optimal 203 (from Technical Fibre Products 
Kendal Cumbria UK) This was precoated with PTFE 
by soaking for 5 minutes in a solution of 120 parts by 
weight of GP1 PTFE emulsion in 2100 parts by weight 
of water then draining and allowing to dry. The coated 



carbon fibre mat was heated to 350 3 C m air to sinter the 
PTFE 

The electrode of the invention was formed by press- 
ing the first particulate catalyst material into the non-wo- 

5 ven carbon fibre structure using a vacuum bed to re- 
move the water and pull the particulate catalyst material 
into the structure A total fill of 1 1 7g Shawmigan carbon 
per cm 2 carbon fibre paper geometric area was 
achieved The resulting sheet was pressed at 260°C 

10 and 1501b per sq inch for 2 minutes to compact the 
structure A layer of the second particulate catalyst ma- 
terial was then applied to one face of the filled non-wo- 
ven structure to provide a platinum loading of 0 76 mg/ 
cm 2 geometric area within the remaining carbon fibre 

is structure and pressed at 2001 b per square inch to com- 
pact the layer 

The electrode formed the cathode of an MEA, with 
the face of the electrode comprising the platinum cata- 
lyst component bonded to the membrane electrolyte 

20 face The membrane employed was Du Pont Nafion 
112. The single cell results are shown in Figure 1 and 
demonstrate that good cell performances were obtained 
from the MEA comprising the lower cost, more manu- 
facturable electrode of the invention For operation on 

25 pure oxygen very high current densities of over 2 0 A/ 
cm 2 were obtained. For most practical applications of 
the PEMFC the oxidant will be air. and these applica- 
tions will require that at least a current density of 500 
mA/cm 2 is achieved. As illustrated in the Figure, current 

30 densities up to 1 0 A/cm 2 were obtained, and the results 
represent performances typical of a satisfactorily per- 
forming MEA. It is worth noting that on air operation 
there was a tendency for the cetl voltage to decrease 
more rapidly as the current density increased toward 1 0 

35 A/cm 2 compared to the pure oxygen data This is an 
example of cell voltage decrease due to mass transport 
losses relating to the ease with which reactant oxygen 
in air can diffuse to the electrode reaction sites This is 
also a typical characteristic of cell current vs voltage 

-to plots seen with conventional MEAs fabricated with elec- 
trodes comprising conducting substrates such as high 
density carbon fibre paper 
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EXAMPLE 2 



A first particulate catalyst material was prepared by 
dispersing SO weight pads of Shawmigan carbon black 
in 1 200 parts of water To this was added 20 weight parts 
of polytetrafluoroethylene solids (PTFE) as a dispersion 

so m water (ICI Ffuon GP1 . 64 wt% solids suspension) and 
the mixture stirred to entrain the PTFE particles within 
the carbon catalyst matenaL The slurry was redispersed 
using a high shear mixer to produce a smooth mixture 
Chopped carbon fibres (Type RK 10, from RK Car- 

55 bon Fibres Ltd. UK) at a fibre length of 37 mm were treat- 
ed with GP1 polytetrafluoroethylene dispersion in water 
to give a 7 wt % coating on the fibres Further RK10 fi- 
bres of length 12mm and 1mm were similarly treated 
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The particulate catalyst mixture comprising i 25g 
ol solid matenal (carbon and PTFE components) was 
dispersed with mixing, m demoralised water (500 
cffl 3) with 0 01 05g ol the 37mm teflonated fibres 0 0c9g 
of the 1 2mm teflonated fibres and 0 43g of the i mm te- 
flonated fibres 0 0485g ol glass microfibre (Evanite 60b 
from Evanite Fibre Corporation Corvallis Oregon, 
USA) and 0 036g of polyvmylaicohol powder (BDH 
Chemciais Poole Dorset. UK) An electrode of the in- 
vention was fabricated from the resulting mixture, m a 
single step process, based on the principles of paper- 
making technology as a sheet of size 214 cm? m a 
standard SCA sheet former (AB Lorentzen & Wettre. 
Box 4 S-163 93 Stockholm Sweden) The sheet was 
air dried at 100°C and then fired m air at a temperature 
m excess of 350°C 

A second layer of a second particulate catalyst ma- 
terial was formed by applying an ink. comprising 40 wt 
% platinum catalyst, supported on carbon black (John- 
son Matthey FC-40) in a 9 S°o dispersion of Nation 
EW1100 (E I DuPont De Nemours & Co ) in water pre- 
pared according to methods described in EPA 731 520 
to an Optimal 203 carbon fibre mat of density 10 cym? 
and air dried at 100"C The platinum loading was 0 7= 
mg/cm2 geometric area of carbon fibre mat 

The second catalyst containing electrode layer was 
applied to one face of the first electrode layer and the 
layers were pressed at 200lb per square inch to compact 
the layers The combined two electrode layers formed 
the cathode of an MEA. with the platinum catalyst con- 
taining face of the cathode being bonded to the mem- 
brane electrolyte face The membrane electrolyte was 
Nafion 1 1 5 The single cell results are shown in Figure 2 



ture (equivalent to 0 603g of solids) in water (500 cm-, 
with 0 0l05g of the 37mm teflonated fiores 0 0c9g cl 
,he 12mm teflonated fibres and 0 43g of the 1 mm ^te- 
flonated fibres 0 097g of glass microfibre (Evanite 6oei 
5 and 0 036g of polyvmylaicohol powder (BDH) using a 
blender mixer An electrode of the invention was fabri- 
cated from the resulting mixture in a single step proc- 
ess based on the principles of paper-making technolo- 
gy as a sheet of size 214 cm* ,n a standard SCA sheet 
w former (AB Lorentzen & Wettre. Box 4 S-163 93 Stock- 

ied at 100 0 C and 
then fired in air at a temperature in excess of 350 O 

A further cathode electrode layer comprising a plat- 
mum catalyst matenal was prepared as described m Ex- 
,s ample 2 The complete cathode and MEA were fabricat- 
ed as described ,n Example 2 The single cell results for 
operation on air are shown in Figure 2 Examples 2 3 
and 4 in which the electrodes of the invention were pro- 
duced by an even lower cost and more manufacture 
20 single process step by incorporating the catalyst com- 
ponents with the non-woven fibre materials again pro- 
duced MEAs with very acceptable current vs voltage 
performance charactenstics Comparison of Examples 
2 and 3 illustrate that the h,gh current density pertorm- 
25 ance was markedly influenced by the composition ol the 
fibre mix employed to fabricate the electrode with the 
Example 3 demonstrating improved high current density 
performance due to improved mass transport proper- 
ties This feature of the electrode is particularly impor- 
30 tant for applications of the PEMFC ,n powering vehicles 
where cell operation at ever increasing current densities 
,s a requirement to reduce the size weight and cost of 
the fuel cell stack 



EXAMPLE 3 

The preparation of the cathode as described in Ex- 
ample 2 was followed, with the exception that the glass 
microfibre content (Evanite 60S), in the first part.culate 
catalyst mixture was increased to 0 097 g The ME A was ^ 
fabricated as described m Example 2 The single cell 
results are shown in Figure 2 

EXAMPLE 4 J5 

The first particulate catalyst material was prepared 
as described for the first particulate material in Example 
2 A second particulate catalyst matenal was prepared 
by dispersing 35 weight parts of carbon black (Vulcan 
XC72R from Cabot Corp. Billerica. Mass. USA) in 1 200 
parts of water To this was added 1 5 weight parts of pol- 
ytetrafluoroethylene solids (from GP1 solution) and the 
mixture stirred to entrain the PTFE particles within the 
carbon catalyst material. The slurry was redispersed us- _ 
mg a high shear mixer to produce a smooth mixture 

A mixture of 7 8g of the first particulate catalyst mix- 
ture (equ.valent to 0 603g of solids) was dispersed with 
a mixture of 7 Sq of the second particulate catalyst mix- 



Claims 

1 A gas diffusion electrode comprising a ncn-woven 
network of fibres one or more catalysts compo- 
nents and at least one polymeric substance char- 
acterised in that the catalyst is embedded w.thm the 
fibre network 

2 A gas diffusion electrode according to claim 1 
wherein the non-woven network of fibres has a aen- 
sity of less than 0 3g/cm 2 

3 A gas diffusion electrode according to claims 1 or 2 
wherein the fibres are of carbon glass polymer 
metal or ceramic 

4 A gas diffusion electrode according to any preced- 
ing claim wherein the fibres are of diameter 0 2um 
to 50um 

5 A gas diffusion electrode according to any preced- 
ing claim wherein the fibres are from 0.05mm to 
XOmm in length 



6 



11 



EP0 791 974 A 1 



6. A gas diffusion electrode according to any preced- 
ing claim wheroin the catalyst component is one or 
more metals or their metal oxide in the form of finely 
divided unsupported powders or as metals m a dis- 
persed form on a carbon support 5 

7. A gas diffusion electrode according to claim 6 
wherein the catalyst component is selected from 
one or more precious metals or a transition metal 

or a combination or alloy thereof 10 

8. A gas diffusion electrode according to any one of 
claims 1 to 5 wherein the catalyst component is one 
or more carbon blacks 

15 

9. A method for the manufacture of the gas diffusion 
electrode according to any preceding claim com- 
prising mixing the fibres with at least one catalyst 
component or a polymeric substance and thereafter 
forming the gas diffusion electrode by adapting a 20 
continuous manufacturing process 

10. A mothod according to claim 9 wherein the contin- 
uous manufacturing process is based on paper- 
making technology 25 

11. A membrane electrode assembly wherein one or 
both of the gas diffusion electrodes is an electrode 
according to any one of claims 1 to 3 



12. A fuel cell which comprises a gas diffusion electrode 
according to any one of claims 1 to 3 
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